Summary
The regional distribution of radio-isotopes was used to estimate regional differences in the cutaneous and mammary gland blood flow in the mouse. The observed values were greater in the cranial than caudal regions. The association of these findings with the reported higher tumour growth rate in the cranial than caudal aspect of the mouse is discussed. Auerbach, Morrissey & Sidky (1978a) observed that tumour cells inoculated intradermally or subcutaneously. into the cranial region of the lateral trunk of mice appeared to have a greater 'take' incidence and growth rate than comparable injections made more caudally. No such differential was noted when inoculations were made on the right and the corresponding area of the left side of the trunk (Auerbach, Morrissey & Sidky, 1978b) . Their findings were not influenced by the sex or the strain of the host, or the type of tumour cells inoculated. A contributory factor for this discrepancy in growth rate was thought to be regional differences in the cutaneous blood flow, but perfusion measurements made using radioactive microspheres failed to show any significant regional differences (Auerbach, Morrissey, Kubai & Sidky, 1978c) . More recently Dipersio (1981) reported a similar regional difference in the growth of human tumour xenografts in nude mice, and, as Auerbach previously, did not consider that vascularity made a significant contribution to the findings. The purpose of this paper is to report the present findings on tissue perfusion based on a different method to that used by Auerbach et al. (l978c) which suggests that there are differences in blood supply between the pectoral (cranial, anterior) and inguinal (caudal, posterior) mammary glands and skin in the mouse.
Materials and methods

Mice
The experiments were carried out on virgin, multi-Received 26 June 1982. Accepted 7 July 1982.
parous, pregnant and lactating CBA/Ca.Lac.Cbi mice, free from mammary tumour virus (MTV). The reason for using these various mice was to obtain measurements on mammary glands and skin in a variety of physiological conditions.
Anaesthesia and cannulation
Each animal was anaesthetized by intraperitoneal injection of pentobarbitone s/jdium solution (Sagatal), 60 mg/kg body weight (volume injected = 0'01 ml/g mouse body weight). A 25 cm length of fine polythene tubing of external diameter 0,8 mm and bore 0,4 mm (Portex Limited, Hythe, England) connected to a 27-gauge (12 X 0'4 mm) needle was flushed with saline to eliminate any intra-luminal air prior to insertion of the needle into the tail vein of the mouse. To facilitate this procedure a tail tourniquet (Minasian, 1980) was used temporarily to distend the veins.
Estimation of cardiac output distribution
The percent fractional distribution of the cardiac output (% FDCO) to the mammary glands and skin was estimated using the radio-isotope regional distribution technique based on the method described by Sapirstein (1958) .
Radio-isotope
injection. 86-rubidium chloride (86 RbCl) (Radiochemical Centre, Amersham, England) as a solution with an activity of 1000 /lei! ml was diluted with saline as required in preparation for injection. Following cannulation of the tail vein each mouse was allowed about 5 min to settle and 0·2 ml 86 RbCI solution (average of 4'5 /lCi) was injected rapidly and the cannula flushed with saline. 30 slater (Wetterlin, Aronsen, Bjorkman & Aplgren, 1977) 0'3 ml saturated potassium chloride solution was injected to induce cardiac arrest which was confirmed by palpation.
Tissue preparation for measurement of radioactivity. After sacrifice, each mouse was laid supine on a cork board and the feet pinned down. A long incision was made in the mid-line from neck to tail, the skin peeled off the trunk and carefully
Minasian
The paired t-test was used in the analysis of the data.
Results
The results are shown in Table 1 . The comparability
Measurement
of radioactivity and calculations. The specimens were counted for 10 min in a Packard gamma counter. The activity of the injected dose was determined from a sample put on one side at the time of injection of the animal. The % FDCO was calculated using the formula: pinned out, the aim being to obtain an even tension. The inguinal and pectoral mammary glands were dissected and pooled separately. With a cork borer size 7, skin samples were cut from right and left pectoral and inguinal regions. Only in the virgin group were the skin samples from the right and left sides kept separately for the subsequent estimation of radioactivity. The samples were weighed and placed in counting tubes.
Discussion
To estimate blood flow, the regional distribution of 86 Rb rather than radioactive microspheres was used. This choice was based on the observations made by Wetterlin et al. (1977) Regional perfusion and tumour growth decided to carry out the experiments on anaesthetized mice. This was considered to be legitimate as all the data were for comparison and were paired, each pair arising from the same mouse. This type of pairing also eliminated the need to estimate cardiac output for each mouse, which was necessary if the absolute blood flow was to be calculated. The present findings of a higher cutaneous blood flow in the cranial than caudal regions of the mouse are not in accord with those of Auerbach However they are in line with their observation of a higher cutaneous temperature in the cranial than caudal aspect of the mouse, as it has previously been shown by Nilsson & Gustafsson (1974) that in most circumstances skin temperature variations depend on circulatory changes. Thus the differences in findings should probably be ascribed to methodological problems.
The positive association between tumour growth and neovascularization is documented by Folkman (1974) and Folkman & Cotran (1976) . Further information on the subject has been provided by Tannock (1968) and Hirst & Denekamp (1979), who observed that in a mouse mammary adenocarcinoma where the viable tissues were arranged cylindrically around blood vessels, the probability of tumour cell proliferation was inversely proportional to its distance from the closest capillary. Structures similar to these 'cords' of viable tissues studied by these authors have been noted in some human lung carcinomas (Thomlinson & Gray, 1955) . In other studies tumour blood flow has not been correlated with its growth rate (Young, Hollenberg & Abrams, 1979) .
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The site in which certain tumour cells are implanted can influence their subsequent growth. This was shown by Auerbach et al. (l978a) , Dipersio (1981) and by Young et al. (1979) , who found in addition that site of implantation influenced the perfusion of the intact rim of the implanted tumour. In this latter study tumour blood flow was correlated with the blood flow variations in different organs and also within the organs carrying the implanted tumour. The influence of the degree of vascularization of the stroma surrounding the implanted tumour in promoting tumour vascularization and growth is evident from experiments by Gimbrone, Leapman, Cotran & Folkman (1972) in which a tumour segment inserted into the avascular anterior chamber of the rabbit eye failed to grow beyond a certain size, whereas a vigorous growth resulted when the fragment was implanted into the vascular iris.
The incidence of spontaneous mammary tumours has been observed to be greater in the pectoral than in the inguinal glands in different strains of mice which do not carry mammary tumour virus (Prehn, Main & Schneiderman, 1954) . The subcutaneous tissues at the cranial aspect of the trunk of the mouse also appear to show a greater susceptibility to chemically induced carcinogenesis (Prehn & Karnik, 1979) .
There are presumably biological reasons for these cranio-caudal differences. The observed regional differences in the blood flow are probably only one of many factors which collectively can influence the induction and growth of a tumour. 
